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The surgical management of patients with double-outlet right ventricle or 
transposition of the great arteries and straddling atrioventricular valves 
remains a subject of controversy. Biventricular repair has theoretic advan- 
tages because it establishes normal anatomy and physiology. In some 
instances, however, it seems to carry too high operative risk, and a 
univentricular heart repair is preferred. Since 1984, we have operated on 34 
patients with double-outlet right Ventricle (n = 15) or transposition of the 
great arteries (n = 19) with isolated straddling tricuspid valve (n = 17), 
isolated straddling mitral valve (n = 9), both mitral and tricuspid 
straddling (n = 2), or abnormal insertion of tricuspid (n = 7) or mitral 
(n = 2) chordae in the left ventricular outlet, precluding an adequate 
tunnel construction. Straddling was categorized according to the location of 
the papillary muscle insertion in the opposite ventricular chamber: type A, 
on the edge of the ventricular septal defect (n = 14); type B, on the opposite 
side of the ventricular septum away from the edge of the defect (n = 8); type 
C, on the free wall of the opposite ventricular chamber (n = 8). Abnormal 
chordal insertions were classified according to the location of their 
attachments around the edges of the defect. Three types of chordal 
distribution were identified: on the aortic conus, on the pulmonary conus 
crossing the ventricular septal defect, or around the defect closing it like a 
curtain. All but three patients had two ventricles of adequate size. Sixteen 
patients underwent palliation. Median age at the definitive operation was 
6.5 months (range 1 to 130 months). Thirty patients underwent a biven- 
tricular repair and four had a univentricular repair. Biventricular epair 
was achieved by an arterial switch operation in 18 patients and by tunnel 
construction from the left ventricle to the aorta in 12. In isolated straddling 
of types A and B, the ventricular septal defect was closed by adjusting the 
septal patch on the ventricular side above the straddled papillary muscle. 
In  type C, the patch was sewn over the papillary muscle by applying it on 
the septum. In double straddling, the ventricular septum was incised 
between the two papillary muscles, and an ellipsoid patch was used to 
reconstruct the septal defect, directing each subvalvular apparatus into its 
own ventricular chamber. When the abnormal chordae in the left outflow 
tract inserted on the aortic or pulmonary conus, the conus was incised and 
tailored to make a flap, leaving an unobstructed left ventricular outflow 
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tract. In two patients the subvalvular apparatus was resected and reat- 
tached to the patch. Curtainlike chordae were a contraindication to 
biventricular repair in double-outlet right ventricle but not in transposi- 
tion. There were four early deaths and one late death, all occurring in the 
group having biventricular repair. Death was due to myocardial ischemia 
(n  = 1), right ventricular hypoplasia (n = 1), pulmonary hypertension (n = 
1), and residual subaortic stenosis (n = 1). Two patients had moderate to 
severe postoperative atrioventricular valve incompetence, caused by a cleft 
in the mitral valve in one patient. Three patents were reoperated on for 
subaortic stenosis (n = 1), pulmonary stenosis (n = 1), and mitral 
regurgitation (n  = 1). Mean follow-up of 30.7 -+ 19.4 months was achieved 
in the survivors. All but one patient (univentricular epair) were in New 
York Heart Association class I, without atrioventricular valve incompe- 
tence. Actuarial survival at 4 years was 85.3% -+ 3%. We conclude that 
straddling or abnormal distribution of chordae tendineae of the atrioven- 
tricular valves does not preclude biventricular epair in double-outlet right 
ventricle or transposition of the great arteries provided that the ventricles 
are of adequate size. Curtainlike abnormal tricuspid chordae remain a 
contraindication to biventricular repair in double-outlet right ventricle. 
(J THORAC CARI)IOVASC SURG 1996;111:527-35) 
C omplex malformations of the atrioventricu!ar (AV) valve and subvalvular apparatus have been 
recognized as limiting factors for successful biven- 
tricular repair when associated with anomalies of 
ventricul0arterial connections, namely, double-out- 
let right ventricle (DORV) and transposition of the 
great arteries (TGA). 1' 2 The goals in performing a
biventricular repair are to obtain a circulation in 
series with unobstructed intraventricular and ex- 
traventricular pathways. At times, achieving these 
goals necessitates intracardiac resections for en- 
largement of the ventricular septal defect (VSD), 
construction of complex intracardiac baffles, and 
extensive AV valvular or subvalvular mobilization. 3' 4 
Moreover, extracardiac onduits and arterial or 
atrial switch procedures are often required in these 
patients. All these demanding techniques are likely 
to lengthen the crossclamping time, with a subse- 
quent difficult postoperative course and a high re- 
operation rate. For all these reasons, the Fontan 
operation has been advocated on the assumption 
that it carries a lower operative risk than biventricu- 
lar repair. 1' 2, 5 
At Marie-Lannelongue Hospital, we have been 
reluctant to apply Fontan's principle in patients with 
two ventricles of adequate size. All patients with 
complex intracardiac and extracardiac anatomy are 
scheduled for a biventricular repair unless not fea- 
sible. The single absolute limiting factor for biven- 
tricular epair is the respective size of each ventricle. 
Therefore, the anatomy of the AV valve apparatus 
has not been a contraindication for such repair, nor 
has the anatomy of the ventriculoarterial connec- 
tions. 
Herein we report our experience with the biven- 
tricular approach in patients with anomalies of the 
AV valve apparatus, namely, straddling AV valve or 
abnormal chordal attachment precluding construc- 
tion of an unobstructed intraventricular pathway, 
associated with DORV or TGA (or both). 
Patients and methods 
Anatomic definitions 
AVvalves. The definition of straddling AV valves used 
in this report is in accordance with that proposed by Milo 
and associates6: a valve whose orifice was committed to 
two ventricular chambers and was overriding, in contrast 
to a valve whose tension apparatus arose from both sides 
of the ventricular septum and was straddling. Each con- 
dition can exis,t alone or in association with the other. 
Classification of the type of straddling was in accordance 
with the recommendations f Tabry and colleagues. 1 The 
attachment of the chordae or papillary muscle that crosses 
the VSD into the opposite ventricle may be near the VSD 
(type A), further away and inferior to the VSD (type B), 
Or attached to the endocardiai surface of the free wall of 
the inappropriate ventricle (type C). Abnormal chordal 
attachments of the tricuspid valve were classified accord- 
ing to the description of Huhta and coworkers, z, 
Ventricular chambers and AV connections. In this re- 
port, we kept the usual nomenclature for right and left 
ventricles, and we did not follow the descriptive terms 
proposed by Milo and associates, 6 mainly because all but 
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Table I. Anatomy of patients 
TGA DORV 
No. 19 15 
Age (median, months) 3 21 
Sex (M/F) 11/8 5/10 
AV connection 
Concordant 18 15 
Discordant 0 0 
Criss-cross 1 0 
Straddling AV valve 
Tricuspid 13 6 
Type A 7 3 
Type B 3 1 
Type C 3 2 
Mitral 6 5 
Type A 2 2 
Type B 3 1 
Type C 1 2 
Abnormal tricuspid attachments 0 7 
VSD 
Perimembranous extension 10 
Trabecular extension 8 
Inlet 19 
Subaortic 5 
Subpulmonary 6 
Noncommitted 4 
Multiple 5 1 
Right ventricle 
Normal 13 15 
Hypoplastic 3 0 
Pulmonary stenosis 2 1 
Aortic coarctation ! 4 
Subaortic stenosis 0 3 
three patients had two ventricles of adequate size. The 
ventricular sizes were assessed by ech0cardiography and 
angiography. Therefore, the AV connections were de- 
scribed in the usual manner. None of the patients had 
discordant or common AV connections. 
Patients. Since 1984, 15 patients with DORV and 19 
with TGA who had associated straddling of the AV 
subvalvular apparatus or abnormal Chordal insertion in 
the future left ventricular outflow tract (LVOT) were 
referred to Marie-Lannelongue Hospital for surgical re- 
pairl They comprised 16 boys and 18 girls. The median age 
at definitive operation was 6.5 months (range 1 to 130 
months) and the mean weight was 8.3 + 4.2 kg. Previous 
palliative operations had been performed in 16 patients. 
Primary repair was performed in 19 patients, five of whom 
were neonates. 
Anatomic findings. Nineteen patients had TGA and 
single (n = 14) or multiple VSDs (n = 5). All VSDs were 
of the inlet type, but they extended into the perimembra- 
nous septum in seven and into the muscular septum in 10 
(eight in the midtrabecular location and two in a high 
trabecular location). Two patients had {S,D,L} TGA and 
the others had {S,D,D} TGA. Pulmonary valve stenosis 
was present in three patients, isthmic aortic coarctation i
one, moderate hypoplasia of the right ventricle in two, and 
a criss-cross AV relationship in one. Anatomy of the AV 
Table II. Surgical techniques for 
ventriculoarterial reestablishment 
No. of No. of 
TGA DORV deaths reoperations 
Biventricular repair 
Arterial switch 16 2 3 0 
operation 
Intraventricular repair 0 12 1 3 
Univentricular repair 3 1 0 0 
valvular and subvalvular apparatus was demonstrated by
echocardiography and color Dopp!er studies and con- 
firmed at operation (Table !). Straddling of the tricuspid 
valve was demonstrated in 13 patients; six other patients 
had straddling of the mitral valve, one of whom had an 
associated cleft of the anterior mitral leaflet. 
Fifteen patients had DORV. In six patients the VSD 
was subpulmonary; it was subaortic in five, all with inlet 
extension; and it was noncommitted in four. Three pa- 
tients had a subaortic stenosis caused by a restrictive 
VSD and by straddling of both the tricuspid and mitral 
valves. One had multiple VSDs. The anatomy of the AV 
valvular and subvalvular apparatus was demonstrated 
by echocardiography and color Doppler studies and 
confirmed at operation (see Table I). Five patients had 
isolated straddling of the tricuspid valve, four had 
isolated straddling of the mitra ! valve, two had double 
straddling of the tricuspid and the mitral valves, and 
seven patients had abnormal insertion of the tricuspid 
chordae on the future LVOT pathway. Finally, three 
patients also had a cleft mitral valve. One patient had 
pulmonary valvular stenosis and three had an aortic 
coarctation. 
Surgical procedures (Table II). Repair was undertaken 
in all patients under continuous hypothermic cardiopul- 
monary bypass. Myocardial protection was achieved by 
repeated infusions of blood cardioplegic solution into the 
aortic root. The mean crossclamp time was 87.4 +_ 26.4 
minutes and the mean cardiopulmonary b pass time was 
!50.6 -+ 39.2 minutes. Anatomic biventricular repair was 
planned in all cases. In four patients, intracardiac explo- 
ration revealed right ventricular hypoplasia more signifi- 
cant than had been expected in three patients, and very 
complex subvalvular anatomy of both the mitral and 
tricuspid valves in one. During the operation, therefore, 
these patients were switched to a univentricular heart 
repair program. All the other patients underwent ana- 
tomic biventricular repair either by an arterial switch 
operation (n = 18) or by construction of a tunnel between 
the left ventricle and the aorta (n = 12). Indications for 
the arterial switch operation or intraventricular repair 
have already been discussed elsewhere. 7' 8 In brief, pa- 
tients with mitral-aortic discontinuity and aortic overrid- 
ing of more than 50% of the right ventricle were candi- 
dates for an intraventricular repair. Whether to perform 
an arterial switch operation (n = 2) or a Kawashima 
procedure (n = 3) in patients with Taussig-Bing hearts 
was based on previously described criteria. During intra- 
ventricular erouting, enlargement of the VSD (n = 7) 
was based on preoperative existence of a subaortic ob- 
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TRICUSPID VALVE STRADDLING I I 
Fig. 1. Surgical technique for intraoperative manage- 
ment of straddling tricuspid valve in TGA. After section of 
the great arteries, the intracardiac anatomy is explored 
through the semilunar valves. The chordae or the papil- 
lary muscle crossing the VSD into the left ventricular 
cavity is retracted toward the right ventricle by a hook 
passed through the native aortic valve. The VSD is then 
closed through the native pulmonary valve in the usual 
manner. Sometimes it is necessary to complete this pro- 
cedure through the right atrium. 
struction and the surgeon's discretion to obtain an appro- 
priate intraventricular baffle. 1° 
Closure of VSD in TGA and straddling AV valve. After 
the great arteries were sectioned, the intracardiac anat- 
omy was explored through the semilunar valves. This 
approach allowed clear exposure of the septum and the 
VSD even when it was primarily an inlet type. In some 
patients the lower edge of the VSD or the entire VSD was 
exposed through a right atriotomy. In the presence of a 
straddling tricuspid valve, after identification of the ana- 
tomic structures, the chordae or the papillary muscle 
crossing the VSD into the left ventricular cavity was 
retracted toward the right ventricle by a hook passed 
through the native aortic valve (Fig. 1). The VSD was then 
closed through the native pulmonary valve in the usual 
manner. Sometimes it was necessary to complete this 
procedure through the right atrium. In the presence of a 
"~q_  j 
MITRAL VALVE STRADDLING [ 
Fig. 2. Surgical technique for intraoperative manage- 
ment of straddling mitral valve in TGA. The chordae or 
the papillary muscle is retracted into the left ventricle with 
a hook passed through the native pulmonary artery. The 
VSD is then closed either through the native aortic valve 
or through a right ventriculotomy. It is sometimes neces- 
sary to complete this procedure through the right atrium. 
straddling mitral valve, the same technique was used. The 
chordae or the papillary muscle was retracted into the left 
ventricle with a hook passed through the native pulmo- 
nary artery. The VSD was then closed either through the 
native aortic valve or through a right ventriculotomy (Fig. 
2). In one patient with double straddling, these techniques 
were not suitable. Therefore, through a right ventriculot- 
omy, the ventricular septum was incised between the two 
papillary muscles and an ellipsoid patch was used to close 
the VSD, so that each papillary muscle was placed in its 
own ventricular chamber. 
Construction of the LVOT tunnel in DORV and strad- 
dlingAVvalve. In this subset of patients, the intracardiac 
anatomy was always explored through a right ventriculot- 
omy. This approach allowed for identification of the edges 
of the VSD and the subvalvular structures in all cases. 
Several abnormalities of the subvalvular apparatus were 
encountered: isolated straddling of the tricuspid or mitral 
valves, double straddling of the tricuspid and mitral valves, 
and abnormal insertion of the chordae tendineae of the 
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tricuspid valve on the outlet septum. The chordae tendi- 
neae were found to insert on the aortic conus, on the 
pulmonary conus, or all around the VSD. In the presence 
of a straddling tricuspid valve, again the chordae or the 
papillary muscle was gently retracted toward the right 
ventricular cavity and the tunnel was constructed by 
sewing the inferior rim of the patch to the left ventricular 
aspect of the VSD. In type B straddling, the septum was 
incised close to the insertion of the papillary muscle, 
which transformed it into type A. In two patients, how- 
ever, the chordae were sectioned at their muscular inser- 
tion and were secondarily reimplanted on the tunnel 
patch. In the presence of a straddling mitral valve, the 
chordae or the papillary muscle crossing the VSD was left 
untouched and incorporated in the LVOT by sewing the 
patch around the right ventricular insertion. Abnormal 
insertion of the chordae of the tricuspid valve on the 
outlet septum was managed by tailoring myocardial flaps 
so that an unobstructed pathway was left for tunnel 
construction (Fig. 3). One patient had double straddling 
of the tricuspid and mitral valves associated with ab- 
normal insertion of the remaining tricuspid chordae. In 
this case, biventricular epair was believed to carry 
too high a morbidity, and after closure of the right 
ventriculotomy a bidirectional Glenn anastomosis was 
used for palliation. 
Reconsmtction of the @t  ventricular outflow tract 
(RVOT). The Lecompte maneuver was used in all the 
patients undergoing an arterial switch operation. The 
neopulmonary trunk was reconstructed with an autolo- 
gous fresh pericardial patch. Among patients who under- 
went intraventricular rerouting, the RVOT was recon- 
structed with an extracardiac valved conduit in two who 
had severe pulmonary stenosis; an infundibular patch was 
used in four who had infundibular stenosis caused by 
pulmonary valve stenosis or pulmonary artery banding; 
and a transannular patch was used in one. 
Follow-up and statistical analysis, Follow-up was 
100% in all survivors. Cardiac function was analyzed by 
serial echocardiographic and color Doppler studies with 
particular attention to AV valve function, subaortic area, 
and ventricular function. The median follow-up was 27 
months (range 6 to 76 months). Survival was analyzed 
according to Kaplan-Meier methods. Ratios are expressed 
with 70% confidence limits (CL). 
Results 
Mortality. Four early deaths and one late death 
occurred, all after attempted biventricular epair 
(postoperative mortality 13.3%, 70% CL 6% to 
22.9%). The causes of death at postmortem exami- 
nation were myocardial infarction after an arterial 
switch operation in one patient, severe right ventric- 
ular hypoplasia in one, and acute and irreversible 
pulmonary hypertensive crises in one. The remain- 
ing patient who died after the operation had DORV 
and straddling mitral valve. The straddling papillary 
muscle was incorporated in the subaortic tunnel and 
caused a severe subaortic obstruction. The tech- 
/ 
Fig. 3. Surgical technique for tailoring of the myocardial 
flap in the presence of abnormal attachments of the 
tricuspid valve on the outlet septum in DORV. 
nique failed in this last patient, but the three others 
did not have any AV valve lesion resulting from the 
operation at postmortem examination. 
Follow-up of the survivors was conducted by the 
referring pediatric cardiologists. The mean follow- 
up period was 30.6 +_ 19.7 months. Attention was 
particularly oriented toward AV valve function and 
the subaortic area, in addition to the standard 
examinations after such procedures. Small residual 
VSDs were present in 10 patients. They were lo- 
cated mostly in the area of the patch that was 
oversewn over the straddling chordae. However, 
none of these residual VSDs were responsible for a 
significant left-to-right shunt. 
Thirteen patients had some degree of valvular 
dysfunction. Isolated tricuspid insufficiency was triv- 
ial in two patients, moderate in two, and severe in 
one. Isolated mitral insufficiency was trivial in one, 
moderate in two, and severe in one patient with a 
cleft anterior leaflet. Three others had both mitral 
and tricuspid incompetence, trivial in one and mod- 
erate in two. All the others had good valvular 
function without leak or stenosis. 
All but three patients had an unobstructed left 
ventricular pathway. One with TGA and straddling 
tricuspid valve and two with DORV and abnormal 
insertion of tricuspid chordae had mild to severe 
subaortic stenosis with a mean peak systolic gradient 
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Fig. 4. Actuarial survival and freedom from reoperation at4 years. 
between the left ventricle and the aorta of 50 mm 
Hg. 
Complete AV block occurred in one patient with 
criss-cross AV relationship, multiple VSDs, L-TGA, 
and straddling of the tricuspid valve. 
All but one of the survivors were in New York 
Heart Association class I at the most recent clinical 
examination without medication. One patient with 
DORV, double straddling of the tricuspid and mi- 
tral valves, and abnormal chordal insertion on the 
outlet septum 2 years after a bidirectional Glenn 
anastomosis had severe left ventricular dysfunction 
that improved slightly with afterload reduction med- 
ication. 
Reoperat ions .  Four patients underwent six reop- 
erations with a median delay of 16.6 months and no 
deaths. In one patient with DORV and abnormal 
insertion of tricuspid chordae on the outlet septum, 
there was initially no gradient between the left 
ventricle and the aorta, but later a subaortic stenosis 
developed with a gradient progressing up to 80 mm 
Hg. At reoperation, the upper insertion of the bane 
around the aortic anulus eemed to be constricting. 
Tailoring of the myocardial flaps including the ab- 
normal chordae had not caused stenosis. The patch 
was partially taken down and was replaced with a 
larger one. Postoperatively, the gradient between 
the left ventricle and the aorta fell to 15 mm Hg. 
Severe mitral incompetence d veloped in another 
patient, who had Taussig-Bing heart and a strad- 
dling mitral valve. At reoperation, a cleft in the 
anterior leaflet was found and sutured, and a mitral 
annuloplasty was done with a Carpentier ring. One 
patient also had DORV, straddling tricuspid valve, 
pulmonary stenosis, and diminutive pulmonary ar- 
tery branches. At the first operation he underwent 
intraventricular rerouting, with a transannular patch 
being used to reconstruct the RVOT. One month 
later he had severe tricuspid incompetence, r sidual 
VSD, and severe pulmonary valve incompetence. At 
reoperation, the residual VSD associated with the 
tricuspid annuloplasty was closed and the RVOT 
was reconstructed with a valved homograft. The 
postoperative course was uneventful. The last pa- 
tient, already mentioned, had criss-cross AV rela- 
tionship, multiple VSDs, L-TGA, and straddling of 
the tricuspid valve. An arterial switch operation with 
closure of the VSDs resulted in a large residual VSD 
and complete AV block. He was first reoperated on 
for pacemaker insertion and pulmonary artery band- 
ing because of the complex anatomy of the interven- 
tricular septum. One year later he successfully un- 
derwent closure of the residual defect. 
Four years postoperatively, actuarial survival and 
freedom from reoperation for patients undergoing a 
biventricular repair were 85% -+ 3% and 70.0% _+ 
15%, respectively (Fig. 4). 
Discuss ion  
This series comprised patients with complex AV 
valve anatomy and abnormal ventriculoarterial con- 
nections, but two adequately developed ventricles. 
Biventricular repair proved to be feasible in 88% of 
them (30/34). Moreover, in three of the 34 patients 
the right ventricular hypoplasia was more significant 
than expected; therefore these patients hould have 
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been excluded from a biventricular heart repair 
program or should have been managed with biven- 
tricular epair associated with a bidirectional Glenn 
anastomosis.ll, 12 Indeed, right ventricular hypopla- 
sia has been reported to be frequently associated 
with anomalies of the AV valves such as overriding 
or straddling 13' 14 and is probably related to a re- 
gional malformation of the sinus portion of the 
ventricular septum. On the other hand, straddling 
AV valves are frequently reported in univentricular 
hearts. 15 We consider the extent of ventricular 
hypoplasia to be a limiting factor for biventricular 
repair, one-and-one-half ventricular repair, or uni- 
ventricular repair. We do not have enough data in 
these different subgroups to clearly define the sur- 
gical indications between the type of repair and the 
magnitude of ventricular hypoplasia. However, if 
one assumes that the venous return through the 
inferior vena cava accounts for two thirds of the 
systemic venous return, a hypoplastic right ventricle 
two-thirds normal in size should tolerate aone-and- 
one-half ventricular repair. With a lesser degree of 
hypoplasia, biventricular repair is indicated, 
whereas a greater degree warrants a univentricular 
heart repair. The other contraindication to biven- 
tricular repair of DORV in this series was the 
existence of abnormal chordal insertion all around 
the VSD edges, similar to a curtain, which renders 
the construction of a baffle unfeasible without high 
risk of valvular incompetence. 
Straddling tricuspid valve was initially described 
by Rastelli, Ongley, and Titus 4 in complete AV 
canal defects. It was then reported with a high 
frequency in patients with single ventricle in whom 
the intraventricular natomy was not clearly de- 
scribed. More recently, surgical attempts at closure 
of the VSD in an anatomic subset of patients who 
had two ventricles of equal size were published. 16' 17 
In these surgical reports the VSD was not necessar- 
ily located purely in the inlet portion of the ventric- 
ular septum, but all of the the VSDs had an inlet 
extension. Moreover, variations in the location of 
the VSD have been described in association with 
abnormal ventriculoarterial connection. This feature 
was particularly true for straddling of the mitral valve 
in association with Taussig-Bing hearts. 14 Review of 
our patient's echocardiograms and operative reports 
demonstrated that straddling AV valves can exist in 
association with several types of VSDs. However, 
when the tricuspid valve straddles or overrides, there is 
a constant inlet extension of the septal defect, which 
is not observed in straddling of the mitral valve. 
Several surgical techniques for repair in such 
anatomic onditions have been reported. 1' 3, 4,14, 16, 17 
They all pointed out the high risk of complete AV 
blocks. Milo and associates 6 howed that conduction 
pathways do not arise from regularly situated AV 
nodes and that in biventricular hearts with normal 
AV connections the crux should be free from con- 
duction tissue. In the present series there was a low 
incidence of AV block (3.8%). No particular atten- 
tion was given to the possible variations of the 
conduction pathways. However, all usual precau- 
tions to avoid conduction tissue during the opera- 
tion were taken. In hearts with TGA, when the VSD 
was closed through the neoaortic valve, very fine 
endocardial sutures were first placed on the left 
ventricular aspect of the septum away from the 
edges of the VSD and then into the patch. This 
technique has now been applied in more than 200 
patients with TGA and VSD and has been effective 
for avoidance of the conduction pathway and for 
closure of the VSD, assuming that the left ventric- 
ular pressure will further push the patch onto the 
septum. We therefore strongly believe that the 
anatomy of the conduction pathway in the setting of 
straddling AV valves and VSD follows the same 
descriptive features as in hearts with a VSD but 
without straddling AV valves and that similar pre- 
cautions to avoid injury should be used. 
The technique for intraoperative management of 
straddling AV valves proposed in this work is simple 
and reproducible. Retraction of the abnormal chor- 
dae or papillary muscle toward the anatomically 
related ventricular chambers and closure of the 
VSD on the opposite side of the septum was previ- 
ously proposed by Tabry and associates 1 and by 
Pacifico, Soto, and Bargeron 16 for straddling types A 
and B. For straddling type C, these authors did not 
recommend this technique. However, it was used in 
seven patients of the current series with straddling 
type C malformations. Interestingly, the preopera- 
tive type of straddling could not be identified by the 
echocardiographic Doppler studies done after re- 
pair without use of the preoperative chocardio- 
grams for comparison. 
There were few problems related to the valve 
during the immediate and long-term follow-up. Only 
two patients required reoperation for valvular in- 
competence, one on the tricuspid valve and the 
other on the mitral valve. In one case, the mitral 
incompetence was caused by a cleft. This association 
has been previously reported in clinical is and patho- 
logic19, 2o studies. The other case of tricuspid incom- 
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petence necessitating surgical treatment occurred in 
one patient in whom a large transannular patch was 
used for reconstruction of the RVOT. Severe pul- 
monary valve insufficiency developed with progres- 
sive right heart enlargement and tricuspid insuffi- 
ciency. Insertion of a valve in the RVOT associated 
with tricuspid annuloplasty was performed and the 
postoperative course was uneventful. Therefore, in 
these two cases of postoperative valvular incompe- 
tence, the causes of valve reoperation were not 
related to the surgical management of the straddling 
AV valve. 
Abnormal insertion of chordae tendineae of the 
tricuspid valve on the outlet septum can be a source 
of difficulty for intraventricular repair in DORV. 
Rubay and associates 21 described a technique of 
myocardial f ap tailoring in cases of abnormal inser- 
tion on the infundibular septum. The conus includ- 
ing the chordae is partially incised and retracted 
backward, allowing for the usual construction of an 
unobstructed left ventricle-to-aorta b Ne. Follow- 
ing the same principles, we extend this technique to 
patients with abnormal tricuspid attachments on the 
subpulmonary conus and/or on the subaortic onus. 
However, in one patient with complex association of 
straddling tricuspid and mitral vanes and abnormal 
tricuspid attachments, it was believed at operation 
that the subaortic pathway could not be satisfacto- 
rily opened without comprising both AV valves. This 
patient therefore underwent a palliative bidirec- 
tional Glenn anastomosis. 
Gradients across the ventricular outflow tracts 
can result from the protrusion of the subvalvular 
apparatus in the outflow tract. Gradients were the 
cause of preoperative subaortic stenosis in three 
patients and postoperative stenosis in one. Preoper- 
atively, the subaortic gradient was due to straddling 
of the tricuspid and mitral valves in two patients and 
to a restrictive VSD in one. Postoperatively, in one 
instance the subaortic stenosis was clearly due to a 
small bane that required enlargement 6 months later. 
In conclusion, 30 of 34 patients with complex AV 
valve malformations associated with DORV or 
TGA underwent a biventricular epair. This ap- 
proach was not associated with high mortality or 
reoperation rates. Interestingly, the AV valve func- 
tion at a mean follow-up of 30.6 months was very 
satisfactory and no valve replacement was necessary. 
The intraoperative technique for correction of 
straddling was simple to perform. On the other 
hand, construction of a bane between the left 
ventricle and aorta in the presence of abnormal 
tricuspid attachments requires intraventricular myo- 
cardial flap tailoring, leaving an unobstructed 
LVOT. The four patients who were rejected for 
biventricular repair had right ventricular hypoplasia 
(n = 3) and very complex anatomy of both AV 
valves (n = 1), In contrast o previous investiga- 
tors,i, 2, 5 we do not recommend a Fontan operation 
in this subset of patients. 
Addendum 
Since the submission of this article, another 7-year-old 
patient with DORV, noncommitted VSD, type C tricuspid 
valve straddling, and 60% right ventricular hypoplasia was 
subjected to biventricular repair by means of the same 
technique. The postoperative course was uneventful. 
We are grateful to Daniel Roux, MD, for his drawings. 
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Discuss ion  
Mr. Marc R. de Leval (London, England). I should like 
to ask three questions. Most of the VSDs you described 
are merely by definition of inlet type, and I am surprised 
tha t you seem to have access to those defects from the 
arterial valves. Could you provide some technical details 
of the procedures? 
The second question relates to the risk of heart block. 
You did not mention arrhythmias in your presentation. 
The conduction system in patients with, for example, 
DORV and straddling tricuspid valve may be abnormally 
situated. Similarly, I am concerned about the risk of 
creating heart block while closing a VSD through the 
pulmonary artery in TGA. 
Last, I should like you to comment on the preoperative 
investigations and criteria of suitability for biventricular 
repair in patients with straddling AV valves. Would you 
do those operations in infancy or would you advocate 
palliation in the young infant before attempting complete 
repair? 
Dr. Serraf. Thank you, Mr. de Leval. You raise the 
point that in the presence of straddling AV valves the 
VSD should be of inlet type. This was true in the group 
of patients with TGA, but this statement should be 
slightly modulated. Although all the patients had inlet 
VSDs, in the majority the VSDs extended into other 
parts of the septum. In the DORV group, five patients 
had noncommitted inlet VSD and four had subpulmo- 
nary VSD. In the latter form, straddling AV valves have 
already been described. That leaves six patients with 
subaortic VSD, in which straddling is uncommon. How- 
ever, we did include patients with DORV and abnormal 
attachments of the tricuspid valve precluding construc- 
tion of an unobstructed tunnel from the left ventricle to 
the aorta. 
With regard to the approach for VSD closure through 
the semilunar valves in patients with TGA, we were not 
the first to describe this approach. In fact. we adopted it 
quite late after its introduction. We have found that the 
majority of VSDs could be closed easily through this 
approach, even those with an inlet extension. However, 
when the lower edge of the VSD was too far into the inlet 
septum, or in pure inlet VSD, it was approached through 
a right atriotomy. In DORV, the right ventricular ap- 
proach could always reveal all the edges of the VSD. 
Heart block seems to be more frequent in this situation. 
In the current series, only one patient with criss-cross AV 
relationship and multiple VSDs had an AV block. Al- 
though the conduction pathways were described as abnor- 
mal in hearts with straddling AV valves, these descriptions 
were made almost exclusively in univentricular hearts. No 
precautions other than the usual ones were taken during 
closure of the VSD, and it may be concluded that in 
biventricular hearts with abnormal AV valves the conduc- 
tion pathways are almost normal. VSD closure through 
the pulmonary artery in TGA is now routine. Very fine 
sutures are placed away from the edges of the VSD and, 
therefore, away from the conduction pathways. We be- 
lieve this technique to be safe in terms of avoiding AV 
block and closing the VSD. 
With regard to your last two questions, there is no type 
of straddling AV valve that we would exclude from 
biventricular repair. We will be more cautious in the 
presence of double tricuspid and mitral straddling. The 
single criterion excluding a patient from biventricular 
repair is the respective sizes of the ventricles. The age for 
repair remains under debate and is highly related to the 
expertise of the surgeon. In TGA, neonatal repair can be 
done with good results. In DORV, we prefer to delay 
repair until the patient is older than 1 year. 
Dr. Edward L. Bove (Ann Arbor, Mich.). Many of these 
patients with straddling valves will have hypoplasia of one 
ventricle. You mentioned that you had at least one death 
from that problem. How do you assess that situation 
before the operation? 
Dr. Serraf. It is correct hat most of the patients with 
this condition have hypoplasia of the right ventricle. The 
only means that we use to assess the size of the right 
ventricle is echocardiography. 
Dr. Christo I. Tchervenkov (Montreal, Quebec, Cana- 
da). How did you deal with the specific instance of type C 
straddling, in which a papillary muscle of the tricuspid 
valve inserted on the free wall of the left ventricle? Did 
you divide the papillary muscle and reattach it inside the 
right ventricle? 
Dr. Serraf. No, never. We retract he papillary muscle 
through its correlated anatomic cavity and apply the patch 
on the straddled papillary muscle or chordae. It is amazing 
that, after the operation, our cardiologists cannot recog- 
nize which patient had straddling before the operation if
they did not have this information beforehand. But the 
single technique was to apply the papillary muscle to the 
patch and to the septum. 
